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5.3 INDICATOR SHEMICALS-CONTAMINANTS IN.MOBILE SEDIMENT
LD R Re
This section_discusses mobile sediment at Portland Harbor by summarizinges the Formatted: Normal, Indent: Left: 0.5", Space After: 12 pt,
sediment trap data forthe-WGrounds-ofcollected for this investigation. The sediment Domt adjust space between Latin and Asian text, Don't adjust
pace between Asian text and numbers

trap investigation was designed to capture anticipated spatial and temporal variability of
suspended sediment mass, fill data gaps related to the nature and extent of potential
sources, and support the preparation of the BERA (Anchor 2006¢). The geographic __{ Formatted: Highlight ]
locations of all sediment trap stations are presented on Map 2.1-242-3.

Discussion of the ICs addressed in this section focuses primarily on the following
elements:

e A description of the data set for each contaminant, including frequency of
detection and concentration range

e The sampling locations and periods (sampling quarters) with elevated
contaminant concentrations and any apparent spatial or temporal gradients
among the data set

e An evaluation of contaminant concentrations found in the Study Area compared k/[ Formatted: Bullet List ]
to concentrations found at locations outside of the Study Area

The following subsections present histograms and stacked bar charts to support Formatted: Normal, Indent: Left: 0.5", Space After: 12 pt,
discussion and evaluation of the nature and extent of selected-the ICs. Additional Don't adjust space between Latin and Asian text, Don't adjust
. N . ) . space between Asian text and numbers
tabular and graphical summaries of the sediment trap data set are included in

Appendix D2.

traps are depicted graphic in histograms showing IC concentrations for each location

and grouped by sampling quarter (Figures 5.3-6, 5.3-7, and 5.3-9 through 5.2-21), The /{Commented [A1]: This can be moved to Appendix D with all
blank spaces in the histograms within station groups signify that the volume of material gesaciatedilanguapelienoved i omidisiseeuon;

collected for the quarter was not sufficient for analysis or the sediment trap was lost.

Sample analyses resulting in non-detects are flagged in the histograms to distinguish

them from cases where results are not available. Scales for IC concentrations (y-axis)

were selected to emphasize higher concentrations yet visually distinguish comparatively

low concentrations. In some cases, values above scale maximums are labeled with the

sample concentration.

(Figures 5.3-3 and 5.3-8) with regression lines to fit the data and accompanying Q‘””St space between Latin and Asian text, Adjust space
" " - etween Asian text and numbers
regression equations. Natural log-transformed PCB congener concentrations are

Other graphic displays used to assist with data interpretation include two scatter plots ﬂ Formatted: Body Text, Indent: Left: 0", Space After: 0 pt,
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regressed on natural log-transformed Aroclor concentrations in Figure 5.3-8 to display
the relationship between PCB results obtained using different analytical methods. The
relationship between sediment accumulation rates and the percentage of fines (i.e., silt
and clay, particles <62 um) is shown in a scatter plot of the un-transformed data sets
(Figure 5.3-3). Plots of sample grain size distribution are shown in Figure 5.3-4. A line
graph (Figure 5.3-1) is used to display the Willamette River daily discharge hydrograph
for the entire sediment trap sampling period, with quarterly sampling periods identified
by different colors. This hydrograph also displays average historical daily discharges
for a 36-year period (1972-2008). Figure 5.3-5 shows the quarterly distribution of the
daily Willamette River discharge combined with sediment accumulation rates (also
depicted in Figure 5.3-2), and percent fines (also depicted in Appendix D2.1, Figure

D2.1-22).
5.3.1 Mobile Sediment-Frap Data Set

This section focuses on the concentrations of 45-1Cs associated with samples from in-
river sediment trap samples collected within the Lower Willamette River.

Sediment traps \were deployed at 16 locations in the Lower Willamette River from late —{ commented [A2): This paragraph was from 5.2.4. )
2006 through late 2007 (see \Map 2.2-3’). Twelve of the locations were within the Study /[Commented [A3]: Make sure map reference is correct. J
Area between RM 1.9 and 11.5. One sediment trap was deployed just downstream of

the Study Area at RM 1.8, two were located just upstream of Ross Island at RM 15.6

and 15.7, and one was located in Multhomah Channel. Paired sediment traps were

deployed and maintained on opposite sides of the river at approximately RM 1.9, 6,

11.5, and 15.7. Samples were retrieved quarterly to obtain four quarters (1 year) of data.

A total of 52 sediment trap samples were collected and analyzed per the protocols used

in Rounds 2A and 2B; some samples were not obtained due to lack of material in the

trap or loss of the trap.

In June 2009, seven sediment traps were deployed by the City of Portland between RM
11 and 12.1 (Map A??) to characterize settleable suspended sediments deposited in this /{cOmmented [AA4]: Put in correct reference to Map H2.3-1f-g J

area of the river during Quarters 3 and 4 of 2009 (GSI 2010). A total of 134 samples CAES RS DAL A :
were collected and analyzed from this sampling event; one sediment trap (ST007) was ~{ commented [AS]: Make sure reference is correct.
not recovered during Quarter 4.

These samples were analyzed to measure the sediment trap mass accumulation and
concentrations of sediment-bound contaminants that enter the Study Area from
upstream sources, contaminant concentrations associated with regional sources within
the Study Area, and concentrations of sediment-bound contaminants that migrate
downstream from the Study Area. Additional information on_the Lower Willamette
River hydrology, sediment accumulation, and the role of fine sediments provided to aid
with interpretation of the chemical data; is presented in Figures 5.32-1 through 5.32-5.

Distributions of selected-the ICs and-patterns-of-boundingtCs—total- PCBstotal
PCBDb/Fstotal DDBx-and-total- PAHs—are shown in Figures 5.32-6 through 5.32-216

and-5.2-14-through-5:-2-30--and are summarized in Tables 5.23-1 through 5.23-47.
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5314.315.3.2  Sample-Colection-Methods-and-River Conditions_During +—{ Formatted: Heading 3

Sampling Events

Hydrologic data used to assess flow patterns during sampling were obtained from the
USGS stream flow station located upstream of the Morrison Bridge (Willamette River
at Portland, gage no. 14211720). The stream flows measured during the sampling
events are presented in Figures 5.3-1a and b. The highest flows during sampling
occurred during Quarter 41 of the 2009 sampling event, with a median daily discharge
of 7—9164 OOO cfs (Frgure 5. 32—1b) Thrs perrod was characterrzed by variable flows;

A & . Much
Iower than normal dlscharge perlods ({é g to O percent of average) occurred twrce
during the month of December 2009, only to be followed by higher than normal flows
(up to 50 percent of average) in early January 2010. Higher than normal flows (up to 50
percent of average) also occurred twice during Quarter 1 of the 2006/2667 sampling

event, the latter depressron stretching into Quarter 2 of the 2006/2007 sampling event.
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The discharge record for Quarters 2 and 3_of the 2006/20887 sampling event (median
discharges of 31,000 cfs and 10,000 cfs, respectively) did not demonstrate the
variability that characterized Quarter 1_of the 2006/2087 sampling event. In general,
sampling during Quarters 2 and 3, and at least a portion of Quarter 4 _of the 2006/2667
sampling event and Quarter 3 of the 2009 sampling event (median discharge of 11,000
cfs), occurred during river flows that were very similar to historical averages.

Discharge data from the last half of Quarter 4 of the 2006/2087 sampling event
(October 2007 through mid-November 2007) are considered estimates due to
uncertainty about the accuracy of the rating curve used at the Portland location for flows
less than 20,000 cfs.

523.4.355.3.3  Rates of Sediment Accumulation

Net sediment accumulation rates at each station/quarter were calculated from the height
of the sediment column in the traps and from the specific gravity and moisture content
of the material._Sediment accumulation rates for each sediment trap are shown in
Figures 5.3-2a and b. The highest rates of accumulation occurred during Quarter 1 of
the 2006/2097 sampling event, with the largest accumulation in the sediment traps
placed at RM 11.3 and 15.6 (Figure 5.23-2a and b); sediment accumulation rates were
lower in the sediment traps placed downstream of RM 11.3. Since density
measurements were only taken during the 2006/2007 sampling event, only that data was
used to determine an average density of 1.22 g/cm?/day to calculate accumulation rates
for the 2009 sampling event (Figure 5.3-2b)..As-mentioned-previoushy-tTraps were lost
at stations ST014 (RM 7.5), ST006 (Swan Island Lagoon), and ST016 (RM 9.9) during
Quiarter 1 of the 2006/2887 sampling event, so information regarding sediment
accumulation is not available for these samples.

Medium-coarse silt made up approximately 50 percent of the trapped material during
each quarter of the 2006/2067 sampling event, although the highest sediment
accumulation rates generally corresponded with a comparatively low percentage of fine
material in the sediment traps._Grain size data are only available for one sediment trap
sample (ST001) in Quarter 3 of the 2009 sampling event and six sediment traps (ST001
through ST006) in Quarter 4. Figure 5.23-3 shows rates of accumulation as a function
of percent fines. Trend lines shown for the data set as a whole (R? = 0.3844), as well as
for the individual quarters (R? ranging from 0.00634 to 0.7946), suggest inverse linear
relationships between accumulation rates and percent fines for this data set are weak.
TOC showed relatively small differences among samples; with concentrations ranging
from 1.1 to 3.5 percent. andThe majority-appreximately75-pereent of the measured
TOC values, approximately 75 percent, range between 2 and 3 percent (Appendix D2.1,
Figure D2.1-23).

Because sediment trap samples do not constitute temporally discrete samples (i.e., they
represent a continuous collection over a three-month period), river conditions during
sampling can only be discussed meaningfully in seasonal terms. Accumulation rates of
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trapped sediment may have been substantially affected by instantaneous events, such as
high water resulting from heavy rainfall, but the impact of these isolated events cannot
be quantified based on the existing data or the sampling methodology employed.
Further, there were instances in which sediment traps_were found to contain insufficient
accumulated material for analysis were redeployed with the previous quarter’s
deposited material. In two cases (ST001 Quarter 3, and ST013 Quarter 3), traps
retrieved_in the following quarter were found to have a shorter column of sediment in
them than they had when they were_initially deployed (Table 5.32-16). In the case of
STO013, a quarterly deposition rate of zero was used in Quarter 3 data presentations.

Figures 5.32-4a and b displays the grain size distributions for all sediment trap samples
analyzed. As shown, samples from each station generally showed similar grain size
distributions, except for an increase in the coarse-grained fraction (i.e., sand) during the
winter quarter (Quarter 1) at stations ST008, ST009, and ST010, and during the fall
quarter (Quarter 4) at ST007 during the 2006/2087 sampling event. Trends cannot be
established for the trap data collected during the 2009 sampling event due to the lack of
information in Quarter 3. The higher rate of sediment accumulation and the
entrainment of sandy material in the sediment traps placed between RM 11.5 and 15.7
during Quarter 1 of the 2006/20807 sampling event and Quarter 4 of the 2009 sampling
event may be due in part to the frequency of higher flow events that occurred during
this period (Figures 5.32-5a and b). The distribution of flows shows that the maximum
highest daily flows during 2006/2007 Quarter 2 and 2009 Quarter 4 were approximately
the same as median 2006/2087 Quarter 1 flows.;-ard-_aApproximately 75 percent of the
2006/2007 Quarter 1 daily discharge levels were higher than any of those recorded
during 2006/20807 Quarters 3 and 4 and 2009 Quarter 3. A lower accumulation of
trapped sediments, particularly at upriver stations, occurred during 2006/2007 Quarters
3 and 4 and 2009 Quarter 3 when comparatively low-flow events were typical.

532534 Total PCBs in SedimentFrapsMobile Sediment{Cengeners
e

5.34.1 Total PCB Data Set ﬁ*‘[ Formatted: Heading 4

PCB congener analysis was conducted for all 6552 sediment trap samples; 6048 of
these samples were also analyzed for PCB Aroclors (Tables 5.3-2 through 7). PCB
congeners were detected in all 52 samples, with total PCB congener concentrations
ranging from 0.9253:24 J pg/kg to 11,100 J pg/kg (Figures 5.23-6a and b). PCB
Aroclors were detected in 4130 of the 6048 samples analyzed, with total Aroclor
concentrations ranging from 3.1 UZ13J nug/kg to 2,600 nug/kg (Figure 5.2-7a and b).

The relationship between total PCB congener and total PCB Aroclor concentrations is
shown in Figure 5.32-8 and discussed in detail in Appendix D1.5. The sediment trap
correlation between paired congener and Aroclor totals is r>=0.7. Although the PCB

concentrations in sediment trap samples correlated well for the two methods,
concentrations of total PCBs measured as congeners were higher overall than total
PCBs measured as Aroclors. The methods used for analysis of PCB congeners and
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Aroclors are fundamentally different and would be expected to yield moderate
differences in total PCB concentrations, as described in Appendix D1.5. In addition,
among detected Aroclor results for the sediment trap samples_about one third-akmest
hatf of the individual concentrations (1922 of 6056 results) were below the method
reporting limit (MRL).

—Total PCB Spatial and Temporal Evaluation in Study AreaFhereistess <+ Formatted: Heading 4

Commented [A10]: This information is already stated in

accurate-and BFEG.SE as-concentrations-above the MR Ten Appendix D (as referenced above) and provides no useful
) information for this discussion.

0.53.4.2  Fhotecupoc ond srecicion o frocler clodo npo oleo ofineiad b

The PCB concentrations varied by three orders of magnitude throughout the site. PCB
congener concentrations were generaty-the highest higher-in sediment traps located
between-in the vicinity of RM 6-7and-11.3E (ST007 measured in 2006/2067 and ST003
measured in 2009) compared to other locations_(Figures 5.3-6a and b). The greatest
sample concentration (11,100 ug/kg) was measured in the fourth quarter of 2007. PCB
concentrations at Station ST007 during low- and medium-flow periods (Quarters 2, 3
and 4) were elevated two to three orders of magnitude above concentrations at other
locations for the respective periods. Other significant peaks are noted in 20099 at
ST001 and ST002 just downstream of ST003, and in 2007 offshore of Fireboat Cove
(ST015; RM 9.7W), atthe-head-ofin Swan Island Lagoon (ST006), and in Willamette
Cove (ST013; RM 6.7E). PCB Aroclors show the same notable peaks at ST013, ST006,
and ST007 (2006/2907 data set) and ST003 (2009 data set) as shown in quures 5.3-7a

During the 2006/2007 sampling event, tincreasing concentrations generally occurred
with each successive period at-lecations-downstream-of STOO7-(RM-113E)at all
stations except ST002 (RM 1.8W) and STO011 (RM 3.5 E), a trend that was clear in the
PCB congener data but not apparent for Aroclors.; The lack of an apparent trend with

Avroclors is possibly due to_higher detection limits for Aroclors resulting in a-the lower
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number of samples with detectable Aroclor concentrations. The 2009 data set shows
the same pattern where Quarter 3 of this data set corresponds to Quarter 4 of the 2006/7
data set and Quarter 3 corresponds to Quarter 1 of the 2006/7 data set. PEB

Figures 5.3-7a shows that concentrations in sediment traps are generally greater on the

eastern shore of the river than the western shore. Concentrations also are greatest in
sediment traps deployed at the upper end of the study area and show an apparent
decreasing pattern in the downstream direction. There are two major exceptions to this
observation at the upper end of the study area. The first is the sequence of sediment
traps in the eastern nearshore area from RMs 11.3, 9.9, and 6.7 (ST007, ST006, and
ST013) where the concentrations go from extremely high, to extremely low and then
peak again before gradually decreasing through the study area. Conversely, the
sequence of sediment traps in the western nearshore area from RMs 11.5, 9.7, and 7.5
(ST008, ST015, and ST014) show that the concentration go from extremely low, to
extremely high, and then show a decreasing pattern through the study area. Both
Aroclors and PCB congeners show these patterns.

The 2009 data is limited to the eastern nearshore area from RM 11.1 to 12.2. These
sediment traps show that concentrations are generally the same in the upper river traps
(ST007, ST006 and ST005) and then increase in trap ST004 before spiking in trap
ST003 and then decreasing in ST002 and ST0081. This pattern seems to show that there
is some source of contamination between ST004 and ST003 that is influencing the
concentration of the mobile sediments in those traps and the traps immediately
downstream (ST002 and ST001). Both Aroclors and PCB congeners show this pattern.

It is also observed that the lowest concentrations were observed during the higher river
flows (Figure 5.3-1a--and-b and 5.3-5) in Quarters 1 and 2; however, this period had the
most accumulation in the traps (Figure 5.3-2a) suggesting that cleaner material deposits
during river higher flows. During the summer period (Quarter 3), the river flows and
sediment accumulation are the lowest, but the concentrations were the second highest.
This observation suggests that there is a more localized influence on the material being
deposited and may be due to bedload transport. The highest concentrations occurred
when the river flows transitioned from low flow and were beginning to increase due to
increasing storm events (late summer into fall). However, the accumulation in the traps
during this time period is still quite low indicating that this is the period when the most

of the more contaminated sediment in the site mobilizes.
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5.34.3 Total PCB Relationship by River Reach +—{ Formatted: Heading 4

Study Area samples were all higher than the average PCB concentrations from upstream
locations (ST009 and ST010)—one-to-five fold greater than upstream concentrations, in
most cases. These trends were generally also reflected in the Aroclor data. The
downstream total PCB concentrations (ST001 and ST002) are generally the same as the
concentrations observed in Multnomah Channel (ST003) and seem to be approaching
upriver concentrations, although the total PCB congener concentrations are about two
fold higher. The concentrations entering the site, at least in the eastern nearshore region
(ST005, ST006 and STOO7 of the 2009 data set) are similar in concentration to the
upriver sediment traps (ST009 and ST010) indicating that for the time periods
measured, the downtown reach has little to no influence on the incoming depositional
sediment concentrations.

Commented [A11]: Move the remaining information to
Appendix D.
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5.35 Total PCDD/Fs_and TCDD TEQs in SedimentTFrapsMobile Sediment
5.3.5.1 Total PCDD/Fs and TCDD TEQs Data Set

5.3.15 Total PCDD/Fs and TCDD TEQ analysis was conducted for 60 sediment trap  «—{ Formatted: Body Text

samples (Tables 5.3-2 through 7). , _—{ Formatted

Total PCDD/ were detected in aII 60 samples with

ranged-from-5-16-J-ta-6:100-J-pgle:

total PCDD/F concentrations ranging from 5.16 J pg/q to 6,100 pg/g-{Figures-5.3-9a-and
b). TCDD TEQs were also detected in all 60 samples analyzed, with concentrations
ranging from 0.0529 J pg/g to 16.3 J pa/g-{Figure 52-103-and-b).

5.35.2 Total PCDD/FsSpatial and Temporal Evaluation in Study Area  «—{ Formatted: Heading 4

hrghest total PCDD/F hemeleguconcentratlon (6 100 J pa/g) occurred durmg Quarter 4
of the 2006/7 sampling event at ST006 (head-of-Swan Island Lagoon) (Figures 5.3-9a
and b). This sample;-and was elevated 1 to 2 orders of magnitude above concentrations
at most other locations. However, the-incidence-of-elevateda temporal evaluation of
PCDD/Fs at ST006 etherthan-during-Quarter4-could not be assessed since no samples
from previous quarters were analyzed_for total PCDD/Fs at this location. Additional
total PCDD/F spikes-peaks of 1,820 J pg/g and 1,250 J pg/g occurred during Quarter 3
of the 2006/7 sampling event at STO07 (RM 11.3E) and at ST002 (RM 1.8W),
respectlvely—represenungiehenext—hrghest—leversieund —Relatively high concentrations
were also seen in Quarter 4 -samples of the 2006/7 sampling event frem-in traps ST014
(RM 7.5W; 1,060 J pg/g) and STO07 (745 J pg/g), and and-Quarter 1 samples from-of
the 2006/7 sampling event in traps STO01 (RM 1.9E; 563 pg/g) and ST011 (RM 3.5E;

535 pg/g).

Total PCDD/F concentrations were greatest in Quarter 3 of the 2009 data set with the
highest concentration (1,640 pg/q) in sediment trap ST001 at RM 11.1 followed by
traps ST004 (RM 11.6; 1,280 pg/q), ST003 (RM 11.4; 1,120 pg/q), and STO06 (RM
11.9; 900 pa/q). Relatively high concentrations were also seen in Quarter 4 of the 2009
sampling event in trap ST005 (RM 11.8; 879 J pa/q). The temporal pattern in the 2009
data set indicates that Quarter 3 concentrations are greater than Quarter 4
concentrations, which would mean that the concentration at ST005 during this period
may have had the greatest sample concentration in this area.

Samples collected in the 2006/2007 sampling event with total PCDD/F concentrations
greater than 500 pg/g are observed in ST001 (RM 1.9E) and ST011 (RM 3.5E) during

5.3-15
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Quarter 1; ST002 (RM 1.8W) and ST007 (RM 11.3E) during Quarter 3; and ST014
(RM 7.5W), ST006 (Swan Island Lagoon), and ST007 (RM 11.3E) during Quarter 4.

There is no apparent spatial gradient or trend in total PCDD/F concentrations
throughout the river indicating that concentrations measured in sediment traps are more
representative of localized sediments. The highest PCDD/F concentrations among
stations generally occurred during Quarters 4 and 3. Stations ST007 and ST009 in the
eastern nearshore zone contained higher total PCDD/Fs than ST008 and ST010 placed
in similar river miles in the western nearshore zone during these periods. This
information indicates that settleable solids in the traps have an affinity to localized
sediments rather than being representative of broader mobile sediments in the river

system.

5.35.3 TCDD TEQ Spatial and Temporal Evaluation in Study Area «—{ Formatted: Heading 4

The highest TCDD TEQ was found in the Quarter 4 sample of the 2006/7 sampling
event in trap ST006 (Swan Island Lagoon) (Figure 5.2-10a and b). Like total PCDD/Fs,
Quarter 4 was the only time TCDD TEQ were analyzed at this location so it is difficult
to gauge the occurrence of similar TCDD TEQ concentrations during other periods or
the potential that there is a localized source. TCDD TEQs greater than 1 pg/g were
measured during the 2006/7 sampling event at ST001 (RM 1.9E), ST011 (RM 3.5E),
and ST005 (RM 6.0W) during Quarter 1; ST002 (RM 6.0W during Quarter 2; ST002
(RM 1.8W) and ST007 (RM 11.3E) during Quarter 3; and ST014 (RM 7.5W), ST006
(Swan Island Lagoon), ST007 (11.3E). During Quarter 3 of the 2009 sampling event,
TCDD TEQ values greater than 1 pg/g occurred in all sediment traps except ST002 and
were not analyzed in ST005. TCDD TEQ values greater than 1 were also present in
Quarter 4 of the 2009 sampling event in traps ST004 and ST0005. TCDD TEQ spatial
and temporal patterns were similar to total PCDD/F patterns.

5.3.5.4 Total PCDD/F and TCDD TEQ Relationship by River Reach

Study Area locations generally had total PCDD/F.and TCDD TEQ concentrations
higher than average-concentrations from the upstream locations. However, total
PCDD/F and TCDD TEQ concentrations from the two upstream locations were not
similar to each other, with concentrations from ST009 (RM 15.7E) averaging more than
six times those from ST010 (RM 15.6W). Some ST009 samples had comparatively
higher total PCDD/F and TCDD TEQ concentrations than concurrently sampled Study
Avrea locations_during the same quarters (Figures 5.3-9a and 5.3-10a-ard-b).

Total PCDD/F and TCDD TEQ concentrations in the downstream reach were elevated
above the upriver sediment traps (ST009 and ST010) at ST001 (RM 1.9E), ST002 (RM
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1.8W). Total PCDD/Fs and TCDD TEQ in the study area reach were also elevated
above the upriver traps at traps ST011 (RM 3.5E), ST014 (RM 7.5W), ST006 (Swan
Island Lagoon), and ST007 (RM 11.3E). Total PCDD/Fs in the study area were also
elevated above the upriver traps at ST005 (RM 6.0W).

Total PCDD/F Sconcentrations downstream of the study area were greater in
Multnomah Channel (ST003) during Quarter 4 of the 2006/7 sampling event than in the
lower study area (RM 3.5 to 7.5). TCDD TEQ concentrations were also elevated in this
sample. Mobile sediments were also greater downstream at ST002 (RM 1.8W) during
Quarter 3 of the 2006/7 sampling event than anywhere else below RM 11.3E (ST007) in
the main channel and at ST001 (RM 1.9E) during Quarter 1 of the 2006/2007 sampling
event than anywhere in the main channel of the study area.
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5.3.6 _ Total DDx in SedimentFrapsMobile Sediment

5.3.165.3.6.1 Total DDx Data Set "A[Formatted: Heading 4

Total DDx analysis was conducted for 63 sediment trap samples (Tables 5.3-2 through
7). DDx compounds were detected in all but ene-two sediment trap samples-{Figure
5:2-17). Concentrations of total DDx ranged from 0.69983 pg/kg to 150 pg/kg in
samples with detectable concentrations.

5.3.6.2 Total DDx Spatial and Temporal Evaluation in Study Area «—{ Formatted: Heading 4

The highest total DDx concentration_(150 ug/kg) occurred during Quarter 4 of the
2006/7 sampling event at STO07 (RM 11.3E) and was an order of magnitude higher
than mest-other-samplesthe next highest sample. Peak total DDx concentrations greater
than 10 ug/kg are -observed in sediment traps ST007 (RM 11.3E), ST006 (Swan Island
Lagoon), ST011 (RM 3.5E), abd ST014 (RM 7.5W) during Quarter 3 of the 2006/7
sampling event. During Quarter 4 of the 2006/7 sampling event, peak total DDx
concentrations are observed in traps ST007 (RM 11.3E), ST006 (Swan Island Lagoon),
ST004 (RM 6.0E), ST015 (RM 9.7W), ST014 (RM 7.5W), ST005 (RM 6.0W), and
ST012 (RM 4.5W). Peak total DDx concentrations occurred in the 2009 sampling event
in trap STO01 (RM 11. 1) durmq the th|rd guarter and trap STOO3 (RM 11. 4) durmq

Quarters 3 and 4.

At most locations, total DDx concentrations were highest during Quarter 4 in both the
2006/7 and 2009 sampling events, although the time frame of the year composing these
quarters differs (Figures 5.3-11a-b). The sediment traps placed in the eastern nearshore
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zone show a pattern of high-low-high-low, indicating that there are at least two sources
of DDx in the eastern shore of the study area. A prominent source is observed at RM
11.3 and a lesser source at RM 6, which may also be deposition sediments from the
source at RM 11.3. A source is also observed in Swan Island Lagoon. In the western
nearshore zone, the concentrations increase from the upper end of the study area (RM
11.5) to the midpoint at RM 6.0 and then decrease to the lower end of the study area.
This indicates that there are a number of sources between RM 9.7 and 4.5 with a
prominent source between RM 6.0 and 7.5.

5.3-19
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Patterns of relative concentrations of DDx constituents among samples are somewhat
confounded by elevated detection limits and interferences. Ofthe-300-DBx-results;
dDetection limits were elevated in 18 percent_of the samples, and another four percent
were classified as non-detects due to contamination in the associated laboratory or field

blanks (Anchor and Integral 2008). The elevated detection limits could obscure low ~—{ Commented [A12]: Data report?

concentratlons of DDx Beeausenen-deteeted—resu#sﬂaretteatedras—zetem—ﬁgwe%—z- \[Formaned: Highlight

eempeund&mayalse—beebseuped.—ln addltlon, 9 percent of the results were quallfled as

tentatively identified and estimated (NJ) during data validation due to poor
confirmation, and another 15 percent were estimated (J) as a result of the confirmation
data.

5.3.6.3 Total DDx Relationship by River Reach <« { Formatted: Heading 4

Total DDx concentrations in Study Area samples were generally higher than those from
upstream locations. Overall, 24 of the 63 (38 percent) Study Area samples had higher
total DDx concentrations than the maximum concentration from upstream samples.
Differences between Study Area and upstream samples were most pronounced during
Quarters 3 and 4 of both the 2006/7 and 2009 sampling events. By contrast, Study Area
samples from the first two quarters had total DDx concentrations that are only
nominally higher than the concentrations observed in the upstream samples.

Concentrations of total DDx in the downstream reach at ST001 (RM 1.9E) were
elevated above the upriver sediment traps (ST009 and ST010); however, ST002 (RM
1.8W) concentrations seemed consistent with the upriver concentrations. Total DDx in
all the study area reach traps were also elevated above the upriver traps except traps
ST016 (RM 9.9E) and ST013 (RM 6.7E).

Total DDx concentrations downstream of the study area were lower or about the same
in Multnomah Channel (ST003) during the 2006/7 sampling event than in the study
area. Mobile sediments were also lower downstream at ST002 (RM 1.8W) than at
ST001 (RM 1.9E) or ST003 (Multnomah Channel).

<’4[Formatted: Heading 4, Indent: Left: 0.5"
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53475.3.7 Total PAHs in SedimentTrapsMobile Sediment

5.3.7.1 Total PAH Data Set

Total PAH analysis was conducted for 63 sediment trap samples (Tables 5.3-2 through
7). PAHSs were detected in all samples analyzed, with concentrations of total PAHs

ranging from 77 J pg/kg to 11,000 pg/kg-(Figure-5:2-19).

5.3.7.2 Total PAH Spatial and Temporal Evaluation in Study Area

The PAH concentrations varied by three orders of magnitude throughout the site. Total
PAH concentrations were the highest in sediment traps located in the vicinity of RM
6.0W (ST005 measured in 2006/7) compared to other locations (Figures 5.3-12a and b).
The greatest sample concentration (11,000 ug/kg) was measured in the fourth quarter of
2007. Other significant peaks (greater than 1,000 ug/kg) are noted in 2007 at ST006
(Swan Island Lagoon), ST014 (RM 7.5W), ST004 (RM 6.0E), ST011 (RM 3.7E),
ST014 (RM 7.5W), ST012 (RM 4.5W), and in 2009 at ST001 and ST003 within RM
11E.

During the 2006/2007 sampling event, the highest PAH concentrations within stations
tended to occur during Quarters 3 and 4, but additional seasonal differences among
stations were not apparent. The lack of an apparent trend is possibly due to the lack of
samples collected for every quarter at all stations. The 2009 data set also shows the
lack of a trend where some samples are greater in Quarter 3 while others are greater in

Quarter 4.

Figure 5.3-12a shows that concentrations in sediment traps are generally greater on the
western shore of the river than the eastern shore. Concentrations also are greatest in
sediment traps deployed at the middle of the study area and show an apparent
decreasing pattern in the downstream direction.

The 2009 data is limited to the eastern nearshore area from RM 11.1 to 12.2. These
sediment traps show that concentrations vary throughout the area. This pattern seems to
show that there may be several sources of contamination that is influencing the
concentration of the mobile sediments in this area.

It is also observed that the lowest concentrations were observed during the higher river
flows (Figure 5.3-1a-b and 5.3-5) in Quarters 1 and 2 of the 2006/7 sampling event;

however, this period had the most accumulation in the traps (Figure 5.3-2a) suggesting
that cleaner material deposits during river higher flows. During the summer period
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(Quarter 3), the river flows and sediment accumulation are the lowest, but the
concentrations were the second highest. This observation suggests that there is a more
localized influence on the material being deposited and may be due to bedload
transport. The highest concentrations occurred when the river flows transitioned from
low flow and were beginning to increase due to increasing storm events (late summer
into fall). However, the accumulation in the traps during this time period is still quite
low indicating that this is the period when the most of the more contaminated sediment
in the site mobilizes.

5.3.7.3 Total PAH Relationship by River Reach

Total PAH concentrations were greater upriver in ST010 (RM 15.6W) during Quarter 1
of the 2006/7 sampllnq event than aII other samples except ST005 (RM 6. OW)

Overall 323 of the 3443 (9141 percent) Study Area samples had total PAH
concentrations higher than concurrent samples from upstream locations, with the
exception of Quarter 1, where the average-total PAH concentration of upstream samples
STOlO (21,3700 pg/kg) was hlgher than mostall but one Study Area sample (STOO5)S

5.3-22
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with the exception of samples collected at ST005 (RM 6.0W) where concentrations
were up to 40 times the upriver concentrations.

Samples in the upper reaches (RM 8 to 11.8) of the Study Area seem consistent with
samples collected upriver, although the 2009 data indicate that there are high PAH
levels in the vicinity of RM 11E. The 2009 data also show that there is large variability
in localized areas of the site (Figure 5.3-12b) with concentrations ranging over an order
of magnitude within the river mile. The downstream total PAH concentrations (ST001
and ST002) seem to be approaching upriver concentrations, although the downsteam
total PAH concentrations are about two to four fold higher. In general, total PAH
concentrations were higher at locations between RM 3 and 6, including Multnomah
Channel (ST003) which had a relatively high Quarter 4 level (2,300 J pg/kg).Paited
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5.3.17.25.3.8 _ Bis(2-ethylhexyl)phthalate in SedimentTrapsMobile Sediment«—{ Formatted: Heading 3

5.3.8.1 BEHP Data Set

BEHP analysis was conducted for 56 sediment trap samples (Tables 5.3-2 through 7).
BEHP was detected in all samples analyzed at concentrations ranging from 35 pg/kg to

1,600 pg/kg (Figure 5.2-22).

5.3.8.2 BEHP Spatial and Temporal Evaluation in Study Area

BEHP concentrations varied by two orders of magnitude throughout the site. BEHP
concentrations were greatest during Quarters 3 and 4 of the 2006/7 sampling event
(1,600 ug/kg and 710 ug/kg) at STO06 (Swan Island Lagoon), although samples were
not analyzed at ST006 during Quarters 1 and 2 (Figure 5.3-13a). Peak concentrations
were also noted at ST007 (RM 11. 3E) durlnq Quarters 2, 3 and 4 and ST015 (RM

9. 7W) durmq Quarter 4, w

841996—(480—J—pgAeg—\+s—7—]:&pgAeg9—Concentratlons devpoioome s n- s and

I:agoonthrouqhout the site were qenerallv less than 250 uq/kq except as noted above

and -varled
most durlnq Ouarter 4 of the 2006/7

sampling event with values ranging by a factor of 4 (excluding peak concentrations).

There is no observable spatial or temporal trend in the concentrations of BEHP

throughout the site.
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Lageon-generally-oceurred-during-Quarters-1-and-2-

2009 sampling event (Tables 5.3-6 and 7; Figure 5.3-13b) reveal that concentrations in
localized areas of the site vary greatly. Concentrations in Quarter 3 varied by a factor of
five, while concentrations in Quarter 4 varied by a factor of three. Peak concentrations
(greater than 250 ug/kg) are noted in ST002, ST006, and STO07 during Quarter 3 and
ST001, ST002, ST003, STO05, and STO06 during Quarter 4.

5.3.8.3 BEHP Relationship by River Reach

Average upstream BEHP concentrations at ST009 (RM 15.7E) and ST010 (RM 15.6W)
were generally lower than Study Area locations during concurrent sampling. During
Quarter 4, however, the BEHP concentration at ST010 (480 J pg/kg) was higher than at
all Study Area locations except ST006_(Figure 5.3-13a). Quarter 3 also showed higher
upriver concentration in ST009 (210 ug/kg) than at ST004 (81 ug/kg) and ST012 (150

ug/kg).

Concentrations in the downstream traps (ST001 and ST002) and in Multnomah Channel
(ST003) were lower than concurrent Study Area traps. In Quarters 1 and 2, the
downstream traps show that mobile concentrations were at or approaching upriver
concentrations. During Quarters 3 and 4, the downstream traps had lower
concentrations than the upriver traps.BEHP-coneentrations-in-paired-samples-appeared

53.4735.3.9 Total Chlordanes in SedimentFrapsMobile Sediment «—{ Formatted: Heading 3

5.3.9.1 Total Chlordanes Data Set

One or more chlordanes were detected in approximately7036 percent-of the 63 samples
analyzed (Figure-5-2-23Tables 5.3-2 through 7). Detectable concentrations of total
chlordanes ranged from 0.22 J to 3.7 NJ pg/kg. Extemely high;-attheugh reporting limits
for non-detects ranged-from-0-63-teare noted in trap STO07 during Quarters 3 and 4 of
the 2006/7 sampling event (98 and 460 pg/kg, respectively) and in trap ST003 during
Quarter 4 of the 2009 sampling event (86 ug/kg). Detection limits were also notably
high in traps ST001 and ST003 during Quarter 3 of the 2009 sampling event (3.2 and
4.3 ug/kg, respectively). These elevated NDs appear to be due to matrix interferences.
These samples all had relatively high PCBs levels which likely interfered with the
pesticide guantification.
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5.3.9.2 Total Chlordanes Spatial and Temporal Evaluation in Study Area

The highest detected total chlordanes concentration was found at ST008 (RM 11.5W)
during Quarter 1 (Figures 5.3-14a-b). Other comparatively high detected concentrations
(>3 ng/kg) were found during Quarter 4 at ST011 (RM 3.5E) and during Quarter 3 at
ST006 (Swan Island Lagoon). Total chlordane concentrations were highly variable
within and among locations and within and among seasons. Higher concentrations were
noted in Quarters 1, 3 and 4 of the 2006/7 sampling event than in Quarter 2. Although
west-side samples had higher levels during Quarter 1 than east-side sediment traps,
variations in data were difficult to assess due to the number of non-detects and the vast
range of reporting limits. Therefore, spatial and seasonal gradients or trends were not
apparent.

5.3.9.3 Total Chlordanes Relationship by River Reach

Overall, Study Area total chlordane concentrations were higher than upstream
concentrations. The maximum total chlordanes in aH-upstream samples was 1 NJ
ng/kg, whereas nine of the 14 Study Area stations had at least one sample with greater
than 1 pg/kg total chlordanes. Only one downstream sample in ST002 had a

concentratlon qreater than 1 uq/kq West—srde—samples#em—RJ\A—é—(%IO@%)—and—l—l—S

5:34745.3.10 _Aldrin and Dieldrin in SedimentT+rapsMobile Sediment «——{ Formatted: Heading 3

5.3.10.1 Aldrin and Dieldrin Data Sets

Aldrin and dieldrin, two closely related organochlorine pesticides, were analyzed in 63
samples. Aldrin was detected in six samples and dieldrin was detected in five samples
each-(Figures5:2-24-and-5-2-25Tables 5.3-2 through 7). None of the samples analyzed
contained detectable levels of both aldrin and dieldrin for the same sample. Extemely
high reporting limits for non-detects are noted in trap ST008 during Quarter 1 of the
2006/7 sampling event for both aldrin and dieldrin (1.6 and 3 pg/kg, respectively), traps
ST004 and ST007 during Quarter 3 of the 2006/7 sampling event for dieldrin (1.1 and
13 ug/kq), and in trap ST006 during Quarter 4 of the 2006/7 sampling event (1.2 ug/kq).
All other non-detected values were less than 1 ug/kg.

Al-of theThe detected concentrations of aldrin were-atsimiartevels{ranged from
0.2262 NJ pg/kg to 1.1 NJ pg/kg (Figures 5.3-15a-b)}, with the highest concentration

found at Station ST005 (RM 6W). Two of the detected aldrin samples were at
downstream locations ST001 (RM 1.9E) and ST003 (Multnomah Channel). Detected
dieldrin concentrations were more variable (Figures 5.3-16a-b), with concentrations
ranging from 0.15 NJ pg/kg at-ST003-(Mutthemah-Channeb-to a maximum of 4.9
pg/kg at ST006 (Swan Island Lagoon). Two of the five dieldrin detections were at the
upstream location ST009 (RM 15.7E)_and one was downstream at ST003 (in
Multnomah Channel).
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5.3.10.2 Aldrin and Dieldrin Spatial and Temporal Evaluation in Study
Area

There were four detected values for aldrin within the Study Area.

FourTwo-of the-five (80-pereent)-aldrin detections occurred during Quarter 1 of the
2006/7 sampling event at ST005 (6.0W) and ST012 (4.5 W), one detection occurred
during Quarter 4 of the 2006/7 sampling event at ST014 (7.5W), and one detection
occurred during Quarter 4 of the 2009 sampling event at ST002 (RM 11.3E).;

while-all-eftThere were two detectable dieldrin concentrations within the Study Area.
Both were found-measured during Quarters 3_of the 2006/7 sampling event at ST006
(Swan lIsland Lagoon) and ST011 (RM 3.5E)-and-4.

The infrequency of detections did not allow for assessment of a possible geographical
concentration gradlent or trend. Qf—thethreeumstaneewrhereerther—aldﬂreer—dwldﬂﬂ

deteetabteeeneemraﬂen—However AH—detected aldrln concentratlons occurred
ermarrly at or below RM 7. 5 in the western nearshore zone, while dieldrin was detected

upH%r—&t—RM—lé—?—E(Sl@OQ}prlmarllv in the eastern nearshore zone.

5.3.10.3 _-Aldrin and Dieldrin Relationship by River Reach

Aldrin was not detected in upriver samples, but was detected in two downstream
samples, ST001 (RM 1.9E) and ST003 (Multnomah Channel) during Quarter 1 of the
2006/7 sampling event. Dieldrin was detected upriver at ST009 (RM 15.7E) during both
Quarters 3 and 4 of the 2006/7 sampling event, but was only detected downstream at
ST003 (Multnomah Channel) during Quarter 4. There was not enough data to determine
any relationship for aldrin and dieldrin between river reaches.

534755.3.11 Arsenic in SedimentFrapsMobile Sediment +—{ Formatted: Heading 3

5.3.11.1 Arsenic Data Set

Arsenic was detected in all_62 samples analyzed at concentrations ranging from
1.48 J mg/kg to 7.01 mg/kg (Figure-5.2-26Tables 5.3-2 through 7).

5.3.11.2 Arsenic Spatial and Temporal Evaluation in Study Area
There was relatively little variation in concentrations among samples_within the Study

Area, with appreximately-80-pereent-of-the-values ranging between 2.753 mg/kg and
7.016 mg/kg_(Figures 5.3-18a-b).

The highest arsenic concentration was found at Statlon STOll (RM 3.5E) durlng
Quarter 4 of the 2006/7 sampling event.

samples—The highest levels were generally found during Quarter 4, particularly
downstream of RM 9, although Quarter 2 showed equally high levels in the upper Study
Area (RMs 9.7-11.5).
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5.3.11.3 Arsenic Relationship by River Reach

Most concentrations of arsenic from Study Area stations were similar to or slightly
above arsenic concentrations in upriverstream locations;-exeept-during-Quarter-3.
Avrsenic levels in Study Area samples rarely varied from the arsenic levels at upstream
stations by more than a factor of two. Downstream samples had similar concentrations
to those in the Study Area, and were also generally greater than the upriver samples by
a factor of two.

5:3.4765.3.12 Chromium in Sediment-FrapsMobile Sediment «——{ Formatted: Heading 3

5.3.12.1 Chromium Data Set

Chromium was detected in all_62 samples analyzed at concentrations ranging from
160.8 J mg/kg to 59.5 mg/kg (Figure-5-2-27Tables 5.3-2 through 7).

5.3.12.2 Chromium Spatial and Temporal Evaluation in Study Area

There was relatively little variation in concentrations among samples_ within the Study

Avrea, with approximately-80-percent-of the-values ranging between 16.8 mg/kg28 and
47.16 mg/kg_(Figures 5.3-19a-b).

The highest chromium concentration was found during Quarter 1 of the 2006/7
sampling event3 at Station ST01309 (RM 615.7E)the-location-furthest-upstream.
Hewever—{The highest concentrations within stations_also tended to occur during
Quarter 1._The only other sample collected within the Study Area greater than 40 ma/kg
was at ST006 (Swan Island Lagoon) during Quarter 3 of the 2006/7 sampling event.
The majority of the 2009 data set had concentrations less than 30 mg/kg. There were no
Iocatlons with Ievels of chromlum conS|stentIy hlgher than aII others;and-there-was

S and there was
I|ttIe variability between samples coIIected on e|ther shore of the river.

5.3.12.3 Chromium Relationship by River Reach

Although the highest chromium concentration was found in a-sampleST009 (RM 15.7E)

from-an-upstreamin the upriver reach-lecation during Quarter 3 of the 2006/7 sampling
event, the majority of samples in this reach range between 30 and 40 mg/kg. Likewise,
most chromium concentrations from Study Area stations were the-same-orslighthy
abeve-chromitm-concentrations-typicalywithin the range of samples typically found in
wpstream-the upriver reachleeations. Downstream samples ranged from 16.8 J mg/kg to
40.4 mg/kg W|th the malorltv of values also tvplcally Wlthln the 30- 40 mq/kq
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5.3.147.75.3.13 _Copper in SedimentFrapsMobile Sediment +—{Formatted: Heading 3

5.3.13.1 Copper Data Set

Copper was detected in all_ 62 samples analyzed at concentrations ranging from 15.2
mg/kg to 93.6 mg/kg (Figure-5-2-28Tables 5.3-2 through 7). There was relatively little
variation in concentrations among samples, with approximately-80-percentthe majority
of the values between-34-mglkg-and-58-mgikgwithin a factor of 3.

5.3.13.2 Copper Spatial and Temporal Evaluation in Study Area

The highest copper concentration was found at Station ST006 (Swan Island Lagoon)
durlng Quarter 3.of the 2006/7 sampllnq event (Frqures 5 3- 20a b). Iheseeenel—mghest

deﬂﬂg—Qearter%—The hrghest concentratrons among samplrng perrods per statron often
occurred during Quarter 4 of the 2006/7 sampling event, particularly at stations from

RM 3.5 through 6.7, “Fherewec e diieropecnconporconconbaloncsbebaoon
paired-samples-The majority of samples collected in Quarter 4 were greater than 50

mag/kg, while the majority of samples collected in other Quarters were generally
between 30 and 50 mg/kg. All samples collected during the 2009 sampling event were
less than 42.7 mg/kg. Samples greater than 50 mg/kg are noted from the 2006/7
sampling event during Quarter 1 at ST013 (RM 6.7E), during Quarter 2 at ST004 (RM
6.0E) and ST013 (RM 6.7E), during Quarter 3 at STO06 (Swan Island Lagoon) and
ST011 (RM 3.5E), and during Quarter 4 at ST004 (RM 6.0E), ST005 (RM 6.0W),
ST006 (Swan Island Lagoon), ST007 (RM 11.3E), ST011 (RM 3.5E), ST012 (RM
4.5W), and ST013 (RM 6.7E).

5.3.13.3 Copper Relationship by River Reach

Although the second highest copper concentration was found in a sample from one of
the upstream locations (ST009) during Quarter 3 of the 2006/7 sampling event, the
majority of samples in this reach are less than 43 mg/kg. mMost copper concentrations
from Study Area stations were slightly above_upriver copper concentrations in-upstream
fecationscollected during the same time period, except during Quarter 3, as mentioned
above. Copper levels in Study Area samples rarely varied from the copper levels at
upstream stations by more than a factor of two. Downstream samples ranged from 25.1
ma/kg to 52.4 mg/kg, which is similar to the majority of samples measured in the Study
Area.

534785.3.14 Zinc in SedimentTrapsMobile Sediment «——{ Formatted: Heading 3

5.3.14.1 Zinc Data Set

Zinc was detected in all_ 62 samples analyzed at concentrations ranging from 71.56
mg/kg to 319 mg/kg (Figure-5:2-29Tables 5.3-2 through 7). There was relatively little

variation in concentrations among samples, with appreximately-80-percent-of the-values
between-99-mgtkg-and-170-mglkgconcentrations being within a factor of 3.
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5.3.14.2 Zinc Spatial and Temporal Evaluation in Study Area

The highest zinc concentration was found during Quarter 3 of the 2006/7 sampling
event at Station ST006 (Swan Island Lagoon). ST006 was the only station that
appeared to contain comparatively high localized concentrations, although only -data
from two quarters were available from this location. Among sampling periods_(Figures
5.3-20a-b), the highest zinc concentrations per station most often occurred during
Quarter 4 of the 2006/7 sampling event. Quarter 4 of the 2009 sampling eventt

generally had the Iowest zmc Ievels among sampllng perlods Samples#em—pwed

-The ma|or|ty of samples collected

were less than 140 mq/kq Samples greater than 140 mg/kg are noted from the 2006/7
sampling event during Quarter 2 at ST015 (RM 9.7W), during Quarter 3 at ST006
(Swan Island Lagoon) and ST011 (RM 3.5E), and during Quarter 4 at ST004 (RM
6.0E), ST005 (RM 6.0W), ST006 (Swan Island Lagoon), ST007 (RM 11.3E), ST011
(RM 3.5E), ST012 (RM 4.5W), ST013 (RM 6.7E), ST015 (RM 9.7W) and ST016 (RM

9.9E).

5.3.14.3 Zinc Relationship by River Reach

Most concentrations of zinc from Study Area stations were slightly above zinc
concentrations in upriverstream locations, except during Quarter 3_of the 2006/7
sampling event. Zinc levels in Study Area samples rarely varied from the zinc levels at
upstream stations by more than a factor of two_during the same sampling period.
Downstream samples ranged from 101 mg/kg to 160 mg/kg, with higher concentrations
in downstream stations ST001 and ST002 during Quarter 4 of the 2006/7 sampling
event. Samples collected downstream during Quarters 1, 2 and 3 and those collected in
Multnomah channel are similar to the majority of samples measured in the Study Area,
but slightly higher than upriver samples.

5.3.147.95.3.15 Tributyltin lon in SedimentFrapsMobile Sediment +—{ Formatted: Heading 3

5.3.15.1 TBT Data Set

TBT analysis was conducted for 60 sediment trap samples (Tables 5.3-2 through 7).

TBT was detected in approximately-80-pereent46 of the samples analyzed with—B
detectable concentrations of TBT ranginged from 0.48 J ng/kg to 81 pg/kg-{Figure

5.2-30).

5.3.15.2 TBT Spatial and Temporal Evaluation in Study Area

TBT concentrations at ST006 (Swan Island Lagoon)_during Quarters 3 and 4 of the
2006/7 sampling event, fer-the_only two quarters that data were available for that
station, and at STO01 during Quarter 3 of the 2009 data set were elevated an order of
magnitude above other locations_(Figures 5.3-21a-b). Concentrations within locations
were generally hlghest durlng Quarter 4, and concentrations durmg all sampling perlods
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were generally highest downstream of Swan Island Lagoon. The majority of samples
collected were less than 5 mg/kg. Samples greater than 5 mag/kg are noted from the
2006/7 sampling event during Quarter 3 at STO04 (RM 6.0E), ST006 (Swan Island
Lagoon), and ST014 (RM 7.5W, and during Quarter 4 at ST005 (RM 6.0W), ST006
(Swan lIsland Lagoon), ST007 (RM 11.3E), ST011 (RM 3.5E), and ST014 (RM 7.5W).
The only sample greater than 5 mg/kg during the 2009 sampling event was during
Ouarter 3 at STOOl (RM 11.1). Ih&medmwlBLeeneeM%aHeMewns&ream@f—RM—g

5.3.15.3  TBT Relationship by River Reach

There was only one sample out of six in the upriver reach that was detected; the
detected concentratlon was 1.9 ma/kg. AII non-detect values in the uprlver reach were
below this value. vy A

In general, TBT levels in the Study Area were higher than TBT level detecteds
upstream-of the-Study-Areain the upriver reach. However, since only one of six
samples from SFOL0-(RM-15-6\A)-and-STOO9-(RM-15-7E)-the upriver stations had a
detectable TBT concentration, the degree of elevation upstream cannot be meaningfully
quantified. Concentrations of TBT in the downstream reach were generally less than 4.3
ma/kg, with only one sample greater than 5 mg/kg noted during Quarter 3 at ST002
(RM 1.8W). Downstream TBT samples are notably less than the Study Area, but greater
than the upriver reach.
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5.3 INDICATOR Contaminants IN Mobile sediment

This section discusses mobile sediment at Portland Harbor by summarizing the sediment trap data collected for this investigation.  The sediment trap investigation was designed to capture anticipated spatial and temporal variability of suspended sediment mass, fill data gaps related to the nature and extent of potential sources, and support the preparation of the BERA (Anchor 2006c).  The geographic locations of all sediment trap stations are presented on Map 2.1-24.  

Discussion of the ICs addressed in this section focuses primarily on the following elements:

· A description of the data set for each contaminant, including frequency of detection and concentration range


· The sampling locations and periods (sampling quarters) with elevated contaminant concentrations and any apparent spatial or temporal gradients among the data set


An evaluation of contaminant concentrations found in the Study Area compared to concentrations found at locations outside of the Study Area


The following subsections present histograms and stacked bar charts to support discussion and evaluation of the nature and extent of the ICs.  Additional tabular and graphical summaries of the sediment trap data set are included in Appendix D2.

The chemistry distributions for the sediment traps are depicted graphic in histograms showing IC concentrations for each location and grouped by sampling quarter (Figures 5.3-6, 5.3-7, and 5.3-9 through 5.2-21)
. The blank spaces in the histograms within station groups signify that the volume of material collected for the quarter was not sufficient for analysis or the sediment trap was lost.  Sample analyses resulting in non-detects are flagged in the histograms to distinguish them from cases where results are not available.  Scales for IC concentrations (y-axis) were selected to emphasize higher concentrations yet visually distinguish comparatively low concentrations.  In some cases, values above scale maximums are labeled with the sample concentration.


Other graphic displays used to assist with data interpretation include two scatter plots (Figures 5.3-3 and 5.3-8) with regression lines to fit the data and accompanying regression equations.  Natural log-transformed PCB congener concentrations are regressed on natural log-transformed Aroclor concentrations in Figure 5.3-8 to display the relationship between PCB results obtained using different analytical methods.  The relationship between sediment accumulation rates and the percentage of fines (i.e., silt and clay, particles ≤62 μm) is shown in a scatter plot of the un-transformed data sets (Figure 5.3-3).  Plots of sample grain size distribution are shown in Figure 5.3-4.  A line graph (Figure 5.3-1) is used to display the Willamette River daily discharge hydrograph for the entire sediment trap sampling period, with quarterly sampling periods identified by different colors.  This hydrograph also displays average historical daily discharges for a 36-year period (1972–2008).  Figure 5.3-5 shows the quarterly distribution of the daily Willamette River discharge combined with sediment accumulation rates (also depicted in Figure 5.3-2), and percent fines (also depicted in Appendix D2.1, Figure D2.1-22).

5.3.1 Mobile Sediment Data Set


This section focuses on the concentrations of ICs associated with samples from in-river sediment trap samples collected within the Lower Willamette River.  

Sediment traps 
were deployed at 16 locations in the Lower Willamette River from late 2006 through late 2007 (see Map 2.2-3
).  Twelve of the locations were within the Study Area between RM 1.9 and 11.5.  One sediment trap was deployed just downstream of the Study Area at RM 1.8, two were located just upstream of Ross Island at RM 15.6 and 15.7, and one was located in Multnomah Channel.  Paired sediment traps were deployed and maintained on opposite sides of the river at approximately RM 1.9, 6, 11.5, and 15.7. Samples were retrieved quarterly to obtain four quarters (1 year) of data.  A total of 52 sediment trap samples were collected and analyzed per the protocols used in Rounds 2A and 2B; some samples were not obtained due to lack of material in the trap or loss of the trap.

In June 2009, seven sediment traps were deployed by the City of Portland between RM 11 and 12.1 (Map A??
) to characterize settleable suspended sediments deposited in this area of the river during Quarters 3 and 4 of 2009 (GSI 2010
). A total of 13 samples were collected and analyzed from this sampling event; one sediment trap (ST007) was not recovered during Quarter 4.

The samples were analyzed to measure the sediment trap mass accumulation and concentrations of sediment-bound contaminants that enter the Study Area from upstream sources, contaminant concentrations associated with regional sources within the Study Area, and concentrations of sediment-bound contaminants that migrate downstream from the Study Area.  Additional information on the Lower Willamette River hydrology, sediment accumulation, and the role of fine sediments provided to aid with interpretation of the chemical data is presented in Figures 5.3-1 through 5.3-5.  Distributions of the ICs are shown in Figures 5.3-6 through 5.3-21 and are summarized in Tables 5.3-1 through 5.3-7.  
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5.3.3.1 River Conditions During Sampling Events





Hydrologic data used to assess flow patterns during sampling were obtained from the USGS stream flow station located upstream of the Morrison Bridge (Willamette River at Portland, gage no. 14211720). The stream flows measured during the sampling events are presented in Figures 5.3-1a and b.  The highest flows during sampling occurred during Quarter 4 of the 2009 sampling event, with a median daily discharge of 164,000 cfs (Figure 5.3-1b).  This period was characterized by variable flows.  Much lower than normal discharge periods (up to 60 percent of average) occurred twice during the month of December 2009, only to be followed by higher than normal flows (up to 50 percent of average) in early January 2010. Higher than normal flows (up to 50 percent of average) also occurred twice during Quarter 1 of the 2006/7 sampling event, the latter depression stretching into Quarter 2 of the 2006/7 sampling event.  The discharge record for Quarters 2 and 3 of the 2006/7 sampling event (median discharges of 31,000 cfs and 10,000 cfs, respectively) did not demonstrate the variability that characterized Quarter 1 of the 2006/7 sampling event.  In general, sampling during Quarters 2 and 3, and at least a portion of Quarter 4 of the 2006/7 sampling event and Quarter 3 of the 2009 sampling event (median discharge of 11,000 cfs), occurred during river flows that were very similar to historical averages.  Discharge data from the last half of Quarter 4 of the 2006/7 sampling event (October 2007 through mid-November 2007) are considered estimates due to uncertainty about the accuracy of the rating curve used at the Portland location for flows less than 20,000 cfs.

5.3.3.2 Rates of Sediment Accumulation


Net sediment accumulation rates at each station/quarter were calculated from the height of the sediment column in the traps and from the specific gravity and moisture content of the material. Sediment accumulation rates for each sediment trap are shown in Figures 5.3-2a and b.  The highest rates of accumulation occurred during Quarter 1 of the 2006/7 sampling event, with the largest accumulation in the sediment traps placed at RM 11.3 and 15.6 (Figure 5.3-2a and b); sediment accumulation rates were lower in the sediment traps placed downstream of RM 11.3.  Since density measurements were only taken during the 2006/2007 sampling event, only that data was used to determine an average density of 1.22 g/cm2/day to calculate accumulation rates for the 2009 sampling event (Figure 5.3-2b)..Traps were lost at stations ST014 (RM 7.5), ST006 (Swan Island Lagoon), and ST016 (RM 9.9) during Quarter 1 of the 2006/7 sampling event, so information regarding sediment accumulation is not available for these samples.

Medium-coarse silt made up approximately 50 percent of the trapped material during each quarter of the 2006/7 sampling event, although the highest sediment accumulation rates generally corresponded with a comparatively low percentage of fine material in the sediment traps. Grain size data are only available for one sediment trap sample (ST001) in Quarter 3 of the 2009 sampling event and six sediment traps (ST001 through ST006) in Quarter 4.  Figure 5.3‑3 shows rates of accumulation as a function of percent fines.  Trend lines shown for the data set as a whole (R2 = 0.38), as well as for the individual quarters (R2 ranging from 0.0063 to 0.79), suggest inverse linear relationships between accumulation rates and percent fines for this data set are weak.  TOC showed relatively small differences among samples with concentrations ranging from 1.1 to 3.5 percent.  The majority of the measured TOC values, approximately 75 percent, range between 2 and 3 percent (Appendix D2.1, Figure D2.1-23).

Because sediment trap samples do not constitute temporally discrete samples (i.e., they represent a continuous collection over a three-month period), river conditions during sampling can only be discussed meaningfully in seasonal terms.  Accumulation rates of trapped sediment may have been substantially affected by instantaneous events, such as high water resulting from heavy rainfall, but the impact of these isolated events cannot be quantified based on the existing data or the sampling methodology employed.  Further, there were instances in which sediment traps were found to contain insufficient accumulated material for analysis were redeployed with the previous quarter’s deposited material.  In two cases (ST001 Quarter 3, and ST013 Quarter 3), traps retrieved in the following quarter were found to have a shorter column of sediment in them than they had when they were initially deployed (Table 5.3-1).  In the case of ST013, a quarterly deposition rate of zero was used in Quarter 3 data presentations.  

Figures 5.3-4a and b display the grain size distributions for all sediment trap samples analyzed.  As shown, samples from each station generally showed similar grain size distributions, except for an increase in the coarse-grained fraction (i.e., sand) during the winter quarter (Quarter 1) at stations ST008, ST009, and ST010, and during the fall quarter (Quarter 4) at ST007 during the 2006/7 sampling event. Trends cannot be established for the trap data collected during the 2009 sampling event due to the lack of information in Quarter 3.  The higher rate of sediment accumulation and the entrainment of sandy material in the sediment traps placed between RM 11.5 and 15.7 during Quarter 1 of the 2006/7 sampling event and Quarter 4 of the 2009 sampling event may be due in part to the frequency of higher flow events that occurred during this period (Figures 5.3-5a and b).  The distribution of flows shows that the highest daily flows during 2006/7 Quarter 2 and 2009 Quarter 4 were approximately the same as median 2006/7 Quarter 1 flows.  Approximately 75 percent of the 2006/7 Quarter 1 daily discharge levels were higher than any of those recorded during 2006/7 Quarters 3 and 4 and 2009 Quarter 3.  A lower accumulation of trapped sediments, particularly at upriver stations, occurred during 2006/7 Quarters 3 and 4 and 2009 Quarter 3 when comparatively low-flow events were typical.

5.3.4 Total PCBs in Mobile Sediment

Total PCB Data Set


PCB congener analysis was conducted for all 65 sediment trap samples; 60 of these samples were also analyzed for PCB Aroclors (Tables 5.3-2 through 7).  PCB congeners were detected in all 52 samples, with total PCB congener concentrations ranging from 0.925 J μg/kg to 11,100 J μg/kg (Figures 5.3-6a and b).  PCB Aroclors were detected in 41 of the 60 samples analyzed, with total Aroclor concentrations ranging from 3.1 U μg/kg to 2,600 μg/kg (Figure 5.2-7a and b).  

The relationship between total PCB congener and total PCB Aroclor concentrations is shown in Figure 5.3-8 and discussed in detail in Appendix D1.5. The sediment trap correlation between paired congener and Aroclor totals is r2=0.7.  Although the PCB concentrations in sediment trap samples correlated well for the two methods, concentrations of total PCBs measured as congeners were higher overall than total PCBs measured as Aroclors.  The methods used for analysis of PCB congeners and Aroclors are fundamentally different and would be expected to yield moderate differences in total PCB concentrations, as described in Appendix D1.5.  In addition, among detected Aroclor results for the sediment trap samples about one third of the individual concentrations (19 of 60 results) were below the method reporting limit (MRL).  

Total PCB Spatial and Temporal Evaluation in Study Area




The PCB concentrations varied by three orders of magnitude throughout the site. PCB congener concentrations were the highest in sediment traps located in the vicinity of RM 11.3E (ST007 measured in 2006/7 and ST003 measured in 2009) compared to other locations (Figures 5.3-6a and b).  The greatest sample concentration (11,100 ug/kg) was measured in the fourth quarter of 2007. PCB concentrations at Station ST007 during low- and medium‑flow periods (Quarters 2, 3 and 4) were elevated two to three orders of magnitude above concentrations at other locations for the respective periods.  Other significant peaks are noted in 2009 at ST001 and ST002 just downstream of ST003, and in 2007 offshore of Fireboat Cove (ST015; RM 9.7W), in Swan Island Lagoon (ST006), and in Willamette Cove (ST013; RM 6.7E). PCB Aroclors show the same notable peaks at ST013, ST006, and ST007 (2006/7 data set) and ST003 (2009 data set) as shown in Figures 5.3-7a and b.

During the 2006/2007 sampling event, increasing concentrations generally occurred with each successive period at all stations except ST002 (RM 1.8W) and ST011 (RM 3.5 E), a trend that was clear in the PCB congener data but not apparent for Aroclors. The lack of an apparent trend with Aroclors is possibly due to higher detection limits for Aroclors resulting in a lower number of samples with detectable Aroclor concentrations.  The 2009 data set shows the same pattern where Quarter 3 of this data set corresponds to Quarter 4 of the 2006/7 data set and Quarter 3 corresponds to Quarter 1 of the 2006/7 data set. 

Figure 5.3-7a shows that concentrations in sediment traps are generally greater on the eastern shore of the river than the western shore. Concentrations also are greatest in sediment traps deployed at the upper end of the study area and show an apparent decreasing pattern in the downstream direction. There are two major exceptions to this observation at the upper end of the study area. The first is the sequence of sediment traps in the eastern nearshore area from RMs 11.3, 9.9, and 6.7 (ST007, ST006, and ST013) where the concentrations go from extremely high, to extremely low and then peak again before gradually decreasing through the study area. Conversely, the sequence of sediment traps in the western nearshore area from RMs 11.5, 9.7, and 7.5 (ST008, ST015, and ST014) show that the concentration go from extremely low, to extremely high, and then show a decreasing pattern through the study area.  Both Aroclors and PCB congeners show these patterns.

The 2009 data is limited to the eastern nearshore area from RM 11.1 to 12.2. These sediment traps show that concentrations are generally the same in the upper river traps (ST007, ST006 and ST005) and then increase in trap ST004 before spiking in trap ST003 and then decreasing in ST002 and ST001. This pattern seems to show that there is some source of contamination between ST004 and ST003 that is influencing the concentration of the mobile sediments in those traps and the traps immediately downstream (ST002 and ST001). Both Aroclors and PCB congeners show this pattern.


It is also observed that the lowest concentrations were observed during the higher river flows (Figure 5.3-1a-b and 5.3-5) in Quarters 1 and 2; however, this period had the most accumulation in the traps (Figure 5.3-2a) suggesting that cleaner material deposits during river higher flows. During the summer period (Quarter 3), the river flows and sediment accumulation are the lowest, but the concentrations were the second highest. This observation suggests that there is a more localized influence on the material being deposited and may be due to bedload transport. The highest concentrations occurred when the river flows transitioned from low flow and were beginning to increase due to increasing storm events (late summer into fall). However, the accumulation in the traps during this time period is still quite low indicating that this is the period when the most of the more contaminated sediment in the site mobilizes.


Total PCB Relationship by River Reach 

Total PCB congener concentrations in the Study Area samples were all higher than the average PCB concentrations from upstream locations (ST009 and ST010)—one-to-five fold greater than upstream concentrations, in most cases.  These trends were generally also reflected in the Aroclor data. The downstream total PCB concentrations (ST001 and ST002) are generally the same as the concentrations observed in Multnomah Channel (ST003) and seem to be approaching upriver concentrations, although the total PCB congener concentrations are about two fold higher. The concentrations entering the site, at least in the eastern nearshore region (ST005, ST006 and ST007 of the 2009 data set) are similar in concentration to the upriver sediment traps (ST009 and ST010) indicating that for the time periods measured, the downtown reach has little to no influence on the incoming depositional sediment concentrations.
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5.3.5 Total PCDD/Fs and TCDD TEQs in Mobile Sediment

5.3.5.1 Total PCDD/Fs and TCDD TEQs Data Set


5.3.6 Total PCDD/Fs and TCDD TEQ analysis was conducted for 60 sediment trap samples (Tables 5.3-2 through 7).  

 Total PCDD/ were detected in all 60 samples, with total PCDD/F concentrations ranging from 5.16 J pg/g to 6,100 pg/g.  TCDD TEQs were also detected in all 60 samples analyzed, with concentrations ranging from 0.0529 J pg/g to 16.3 J pg/g.  


Total PCDD/FsSpatial and Temporal Evaluation in Study Area

The highest total PCDD/F concentration (6,100 J pg/g) occurred during Quarter 4 of the 2006/7 sampling event at ST006 (Swan Island Lagoon) (Figures 5.3-9a and b). This sample was elevated 1 to 2 orders of magnitude above concentrations at most other locations.  However, a temporal evaluation of PCDD/Fs at ST006 could not be assessed since no samples from previous quarters were analyzed for total PCDD/Fs at this location.  Additional total PCDD/F peaks of 1,820 J pg/g and 1,250 J pg/g occurred during Quarter 3 of the 2006/7 sampling event at ST007 (RM 11.3E) and at ST002 (RM 1.8W), respectively. Relatively high concentrations were also seen in Quarter 4 samples of the 2006/7 sampling event in traps ST014 (RM 7.5W; 1,060 J pg/g) and ST007 (745 J pg/g), and Quarter 1 samples of the 2006/7 sampling event in traps ST001 (RM 1.9E; 563 pg/g) and ST011 (RM 3.5E; 535 pg/g).

Total PCDD/F concentrations were greatest in Quarter 3 of the 2009 data set with the highest concentration (1,640 pg/g) in sediment trap ST001 at RM 11.1 followed by traps ST004 (RM 11.6; 1,280 pg/g), ST003 (RM 11.4; 1,120 pg/g), and ST006 (RM 11.9; 900 pg/g). Relatively high concentrations were also seen in Quarter 4 of the 2009 sampling event in trap ST005 (RM 11.8; 879 J pg/g). The temporal pattern in the 2009 data set indicates that Quarter 3 concentrations are greater than Quarter 4 concentrations, which would mean that the concentration at ST005 during this period may have had the greatest sample concentration in this area.

Samples collected in the 2006/2007 sampling event with total PCDD/F concentrations greater than 500 pg/g are observed in ST001 (RM 1.9E) and ST011 (RM 3.5E) during Quarter 1; ST002 (RM 1.8W) and ST007 (RM 11.3E) during Quarter 3; and ST014 (RM 7.5W), ST006 (Swan Island Lagoon), and ST007 (RM 11.3E) during Quarter 4.

There is no apparent spatial gradient or trend in total PCDD/F concentrations throughout the river indicating that concentrations measured in sediment traps are more representative of localized sediments. The highest PCDD/F concentrations among stations generally occurred during Quarters 4 and 3.  Stations ST007 and ST009 in the eastern nearshore zone contained higher total PCDD/Fs than ST008 and ST010 placed in similar river miles in the western nearshore zone during these periods.  This information indicates that settleable solids in the traps have an affinity to localized sediments rather than being representative of broader mobile sediments in the river system.

TCDD TEQ Spatial and Temporal Evaluation in Study Area


The highest TCDD TEQ was found in the Quarter 4 sample of the 2006/7 sampling event in trap ST006 (Swan Island Lagoon) (Figure 5.2-10a and b).  Like total PCDD/Fs, Quarter 4 was the only time TCDD TEQ were analyzed at this location so it is difficult to gauge the occurrence of similar TCDD TEQ concentrations during other periods or the potential that there is a localized source.  TCDD TEQs greater than 1 pg/g were measured during the 2006/7 sampling event at ST001 (RM 1.9E), ST011 (RM 3.5E), and ST005 (RM 6.0W) during Quarter 1; ST002 (RM 6.0W during Quarter 2; ST002 (RM 1.8W) and ST007 (RM 11.3E) during Quarter 3; and ST014 (RM 7.5W), ST006 (Swan Island Lagoon), ST007 (11.3E). During Quarter 3 of the 2009 sampling event, TCDD TEQ values greater than 1 pg/g occurred in all sediment traps except ST002 and were not analyzed in ST005. TCDD TEQ values greater than 1 were also present in Quarter 4 of the 2009 sampling event in traps ST004 and ST0005. TCDD TEQ spatial and temporal patterns were similar to total PCDD/F patterns.


5.3.6.1   Total PCDD/F and TCDD TEQ Relationship by River Reach 


Study Area locations generally had total PCDD/F and TCDD TEQ concentrations higher than concentrations from the upstream locations.  However, total PCDD/F and TCDD TEQ concentrations from the two upstream locations were not similar to each other, with concentrations from ST009 (RM 15.7E) averaging more than six times those from ST010 (RM 15.6W).  Some ST009 samples had comparatively higher total PCDD/F and TCDD TEQ concentrations than concurrently sampled Study Area locations during the same quarters (Figures 5.3-9a and 5.3-10a).

Total PCDD/F and TCDD TEQ concentrations in the downstream reach were elevated above the upriver sediment traps (ST009 and ST010) at ST001 (RM 1.9E), ST002 (RM 1.8W). Total PCDD/Fs and TCDD TEQ in the study area reach were also elevated above the upriver traps at traps ST011 (RM 3.5E), ST014 (RM 7.5W), ST006 (Swan Island Lagoon), and ST007 (RM 11.3E). Total PCDD/Fs in the study area were also elevated above the upriver traps at ST005 (RM 6.0W).

Total PCDD/F concentrations downstream of the study area were greater in Multnomah Channel (ST003) during Quarter 4 of the 2006/7 sampling event than in the lower study area (RM 3.5 to 7.5). TCDD TEQ concentrations were also elevated in this sample. Mobile sediments were also greater downstream at ST002 (RM 1.8W) during Quarter 3 of the 2006/7 sampling event than anywhere else below RM 11.3E (ST007) in the main channel and at ST001 (RM 1.9E) during Quarter 1 of the 2006/2007 sampling event than anywhere in the main channel of the study area.











5.3.6.2 





5.3.7 Total DDx in Mobile Sediment

5.3.8 Total DDx Data Set

Total DDx analysis was conducted for 63 sediment trap samples (Tables 5.3-2 through 7).   DDx compounds were detected in all but two sediment trap samples.  Concentrations of total DDx ranged from 0.69 μg/kg to 150 μg/kg in samples with detectable concentrations.

Total DDx Spatial and Temporal Evaluation in Study Area


The highest total DDx concentration (150 ug/kg) occurred during Quarter 4 of the 2006/7 sampling event at ST007 (RM 11.3E) and was an order of magnitude higher than the next highest sample. Peak total DDx concentrations greater than 10 ug/kg are observed in sediment traps ST007 (RM 11.3E), ST006 (Swan Island Lagoon), ST011 (RM 3.5E), abd ST014 (RM 7.5W) during Quarter 3 of the 2006/7 sampling event. During Quarter 4 of the 2006/7 sampling event, peak total DDx concentrations are observed in traps ST007 (RM 11.3E), ST006 (Swan Island Lagoon), ST004 (RM 6.0E), ST015 (RM 9.7W), ST014 (RM 7.5W), ST005 (RM 6.0W), and ST012 (RM 4.5W). Peak total DDx concentrations occurred in the 2009 sampling event in trap ST001 (RM 11.1) during the third quarter and trap ST003 (RM 11.4) during Quarters 3 and 4.

At most locations, total DDx concentrations were highest during Quarter 4 in both the 2006/7 and 2009 sampling events, although the time frame of the year composing these quarters differs (Figures 5.3-11a-b). The sediment traps placed in the eastern nearshore zone show a pattern of high-low-high-low, indicating that there are at least two sources of DDx in the eastern shore of the study area. A prominent source is observed at RM 11.3 and a lesser source at RM 6, which may also be deposition sediments from the source at RM 11.3. A source is also observed in Swan Island Lagoon. In the western nearshore zone, the concentrations increase from the upper end of the study area (RM 11.5) to the midpoint at RM 6.0 and then decrease to the lower end of the study area. This indicates that there are a number of sources between RM 9.7 and 4.5 with a prominent source between RM 6.0 and 7.5.













Patterns of relative concentrations of DDx constituents among samples are somewhat confounded by elevated detection limits and interferences.  Detection limits were elevated in 18 percent of the samples, and another four percent were classified as non-detects due to contamination in the associated laboratory or field blanks (Anchor and Integral 2008
).  The elevated detection limits could obscure low concentrations of DDx.  In addition, 9 percent of the results were qualified as tentatively identified and estimated (NJ) during data validation due to poor confirmation, and another 15 percent were estimated (J) as a result of the confirmation data.

Total DDx Relationship by River Reach


Total DDx concentrations in Study Area samples were generally higher than those from upstream locations.  Overall, 24 of the 63 (38 percent) Study Area samples had higher total DDx concentrations than the maximum concentration from upstream samples.  Differences between Study Area and upstream samples were most pronounced during Quarters 3 and 4 of both the 2006/7 and 2009 sampling events.  By contrast, Study Area samples from the first two quarters had total DDx concentrations that are only nominally higher than the concentrations observed in the upstream samples.


Concentrations of total DDx in the downstream reach at ST001 (RM 1.9E) were elevated above the upriver sediment traps (ST009 and ST010); however, ST002 (RM 1.8W) concentrations seemed consistent with the upriver concentrations. Total DDx in all the study area reach traps were also elevated above the upriver traps except traps ST016 (RM 9.9E) and ST013 (RM 6.7E). 


Total DDx concentrations downstream of the study area were lower or about the same in Multnomah Channel (ST003) during the 2006/7 sampling event than in the study area. Mobile sediments were also lower downstream at ST002 (RM 1.8W) than at ST001 (RM 1.9E) or ST003 (Multnomah Channel).




5.3.9 Total PAHs in Mobile Sediment

5.3.9.1 Total PAH Data Set

Total PAH analysis was conducted for 63 sediment trap samples (Tables 5.3-2 through 7).   PAHs were detected in all samples analyzed, with concentrations of total PAHs ranging from 77 J μg/kg to 11,000 μg/kg.  

5.3.9.2 Total PAH Spatial and Temporal Evaluation in Study Area


The PAH concentrations varied by three orders of magnitude throughout the site. Total PAH concentrations were the highest in sediment traps located in the vicinity of RM 6.0W (ST005 measured in 2006/7) compared to other locations (Figures 5.3-12a and b).  The greatest sample concentration (11,000 ug/kg) was measured in the fourth quarter of 2007. Other significant peaks (greater than 1,000 ug/kg) are noted in 2007 at ST006 (Swan Island Lagoon), ST014 (RM 7.5W), ST004 (RM 6.0E), ST011 (RM 3.7E), ST014 (RM 7.5W), ST012 (RM 4.5W), and in 2009 at ST001 and ST003 within RM 11E. 


During the 2006/2007 sampling event, the highest PAH concentrations within stations tended to occur during Quarters 3 and 4, but additional seasonal differences among stations were not apparent. The lack of an apparent trend is possibly due to the lack of samples collected for every quarter at all stations.  The 2009 data set also shows the lack of a trend where some samples are greater in Quarter 3 while others are greater in Quarter 4. 


Figure 5.3-12a shows that concentrations in sediment traps are generally greater on the western shore of the river than the eastern shore. Concentrations also are greatest in sediment traps deployed at the middle of the study area and show an apparent decreasing pattern in the downstream direction. 

The 2009 data is limited to the eastern nearshore area from RM 11.1 to 12.2. These sediment traps show that concentrations vary throughout the area. This pattern seems to show that there may be several sources of contamination that is influencing the concentration of the mobile sediments in this area. 


It is also observed that the lowest concentrations were observed during the higher river flows (Figure 5.3-1a-b and 5.3-5) in Quarters 1 and 2 of the 2006/7 sampling event; however, this period had the most accumulation in the traps (Figure 5.3-2a) suggesting that cleaner material deposits during river higher flows. During the summer period (Quarter 3), the river flows and sediment accumulation are the lowest, but the concentrations were the second highest. This observation suggests that there is a more localized influence on the material being deposited and may be due to bedload transport. The highest concentrations occurred when the river flows transitioned from low flow and were beginning to increase due to increasing storm events (late summer into fall). However, the accumulation in the traps during this time period is still quite low indicating that this is the period when the most of the more contaminated sediment in the site mobilizes.


5.3.9.3 Total PAH Relationship by River Reach


Total PAH concentrations were greater upriver in ST010 (RM 15.6W) during Quarter 1 of the 2006/7 sampling event than all other samples, except ST005 (RM 6.0W).



 

 

5.3.9.4 

Overall, 32 of the 34 (94 percent) Study Area samples had total PAH concentrations higher than concurrent samples from upstream locations, with the exception of Quarter 1, where the total PAH concentration of upstream sample ST010 (1,300 μg/kg) was higher than all but one Study Area sample (ST005).  Generally, concentrations in the Study area were less than ten times the upriver concentrations, with the exception of samples collected at ST005 (RM 6.0W) where concentrations were up to 40 times the upriver concentrations.

Samples in the upper reaches (RM 8 to 11.8) of the Study Area seem consistent with samples collected upriver, although the 2009 data indicate that there are high PAH levels in the vicinity of RM 11E. The 2009 data also show that there is large variability in localized areas of the site (Figure 5.3-12b) with concentrations ranging over an order of magnitude within the river mile. The downstream total PAH concentrations (ST001 and ST002) seem to be approaching upriver concentrations, although the downsteam total PAH concentrations are about two to four fold higher. In general, total PAH concentrations were higher at locations between RM 3 and 6, including Multnomah Channel (ST003) which had a relatively high Quarter 4 level (2,300 J μg/kg).





· 

· 

· 





5.3.10 

5.3.10.1 Bis(2-ethylhexyl)phthalate in Mobile Sediment

5.3.10.2 BEHP Data Set

BEHP analysis was conducted for 56 sediment trap samples (Tables 5.3-2 through 7).   BEHP was detected in all samples analyzed at concentrations ranging from 35 μg/kg to 1,600 μg/kg.  

5.3.10.3 BEHP Spatial and Temporal Evaluation in Study Area


BEHP concentrations varied by two orders of magnitude throughout the site.  BEHP concentrations were greatest during Quarters 3 and 4 of the 2006/7 sampling event (1,600 ug/kg and 710 ug/kg) at ST006 (Swan Island Lagoon), although samples were not analyzed at ST006 during Quarters 1 and 2 (Figure 5.3-13a). Peak concentrations were also noted at ST007 (RM 11.3E) during Quarters 2, 3 and 4 and ST015 (RM 9.7W) during Quarter 4.  Concentrations throughout the site were generally less than 250 ug/kg, except as noted above, and varied most during Quarter 4 of the 2006/7 sampling event with values ranging by a factor of 4 (excluding peak concentrations).  There is no observable spatial or temporal trend in the concentrations of BEHP throughout the site.


Concentrations measured in the 2009 sampling event (Tables 5.3-6 and 7; Figure 5.3-13b) reveal that concentrations in localized areas of the site vary greatly. Concentrations in Quarter 3 varied by a factor of five, while concentrations in Quarter 4 varied by a factor of three. Peak concentrations (greater than 250 ug/kg) are noted in ST002, ST006, and ST007 during Quarter 3 and ST001, ST002, ST003, ST005, and ST006 during Quarter 4.

5.3.10.4 BEHP Relationship by River Reach


Average upstream BEHP concentrations at ST009 (RM 15.7E) and ST010 (RM 15.6W) were generally lower than Study Area locations during concurrent sampling.  During Quarter 4, however, the BEHP concentration at ST010 (480 J μg/kg) was higher than at all Study Area locations except ST006 (Figure 5.3-13a). Quarter 3 also showed higher upriver concentration in ST009 (210 ug/kg) than at ST004 (81 ug/kg) and ST012 (150 ug/kg).

Concentrations in the downstream traps (ST001 and ST002) and in Multnomah Channel (ST003) were lower than concurrent Study Area traps. In Quarters 1 and 2, the downstream traps show that mobile concentrations were at or approaching upriver concentrations. During Quarters 3 and 4, the downstream traps had lower concentrations than the upriver traps.

5.3.10.5 Total Chlordanes in Mobile Sediment

5.3.10.6 Total Chlordanes Data Set

One or more chlordanes were detected in 36 of the 63 samples analyzed (Tables 5.3-2 through 7).  Detectable concentrations of total chlordanes ranged from 0.22 J to 3.7 NJ μg/kg. Extemely high reporting limits for non-detects are noted in trap ST007 during Quarters 3 and 4 of the 2006/7 sampling event (98 and 460 μg/kg, respectively) and in trap ST003 during Quarter 4 of the 2009 sampling event (86 ug/kg). Detection limits were also notably high in traps ST001 and ST003 during Quarter 3 of the 2009 sampling event (3.2 and 4.3 ug/kg, respectively). These elevated NDs appear to be due to matrix interferences.  These samples all had relatively high PCBs levels which likely interfered with the pesticide quantification.   

5.3.10.7 Total Chlordanes Spatial and Temporal Evaluation in Study Area


The highest detected total chlordanes concentration was found at ST008 (RM 11.5W) during Quarter 1 (Figures 5.3-14a-b).  Other comparatively high detected concentrations (>3 μg/kg) were found during Quarter 4 at ST011 (RM 3.5E) and during Quarter 3 at ST006 (Swan Island Lagoon).  Total chlordane concentrations were highly variable within and among locations and within and among seasons. Higher concentrations were noted in Quarters 1, 3 and 4 of the 2006/7 sampling event than in Quarter 2. Although west-side samples had higher levels during Quarter 1 than east-side sediment traps, variations in data were difficult to assess due to the number of non-detects and the vast range of reporting limits.  Therefore, spatial and seasonal gradients or trends were not apparent.

5.3.10.8 Total Chlordanes Relationship by River Reach


Overall, Study Area total chlordane concentrations were higher than upstream concentrations.  The maximum total chlordanes in upstream samples was 1 NJ μg/kg, whereas nine of the 14 Study Area stations had at least one sample with greater than 1 μg/kg total chlordanes.  Only one downstream sample in ST002 had a concentration greater than 1 ug/kg.

5.3.10.9 Aldrin and Dieldrin in Mobile Sediment

5.3.10.10 Aldrin and Dieldrin Data Sets

Aldrin and dieldrin, two closely related organochlorine pesticides, were analyzed in 63 samples. Aldrin was detected in six samples and dieldrin was detected in five samples (Tables 5.3-2 through 7).  None of the samples analyzed contained detectable levels of both aldrin and dieldrin for the same sample.  Extemely high reporting limits for non-detects are noted in trap ST008 during Quarter 1 of the 2006/7 sampling event for both aldrin and dieldrin (1.6 and 3 μg/kg, respectively), traps ST004 and ST007 during Quarter 3 of the 2006/7 sampling event for dieldrin (1.1 and 13 ug/kg), and in trap ST006 during Quarter 4 of the 2006/7 sampling event (1.2 ug/kg). All other non-detected values were less than 1 ug/kg.


The detected concentrations of aldrin ranged from 0.22 J μg/kg to 1.1 NJ μg/kg (Figures 5.3-15a-b), with the highest concentration found at Station ST005 (RM 6W). Two of the detected aldrin samples were at downstream locations ST001 (RM 1.9E) and ST003 (Multnomah Channel).  Detected dieldrin concentrations were more variable (Figures 5.3-16a-b), with concentrations ranging from 0.15 NJ μg/kg to a maximum of 4.9 μg/kg at ST006 (Swan Island Lagoon).  Two of the five dieldrin detections were at the upstream location ST009 (RM 15.7E) and one was downstream at ST003 (in Multnomah Channel).

5.3.10.11 Aldrin and Dieldrin Spatial and Temporal Evaluation in Study Area


There were four detected values for aldrin within the Study Area. 

Two aldrin detections occurred during Quarter 1 of the 2006/7 sampling event at ST005 (6.0W) and ST012 (4.5 W), one detection occurred during Quarter 4 of the 2006/7 sampling event at ST014 (7.5W), and one detection occurred during Quarter 4 of the 2009 sampling event at ST002 (RM 11.3E). 

There were two detectable dieldrin concentrations within the Study Area. Both were measured during Quarter 3 of the 2006/7 sampling event at ST006 (Swan Island Lagoon) and ST011 (RM 3.5E).  

The infrequency of detections did not allow for assessment of a possible geographical concentration gradient or trend.  However, detected aldrin concentrations occurred primarily at or below RM 7.5 in the western nearshore zone, while dieldrin was detected primarily in the eastern nearshore zone.


5.3.10.12 Aldrin and Dieldrin Relationship by River Reach


Aldrin was not detected in upriver samples, but was detected in two downstream samples, ST001 (RM 1.9E) and ST003 (Multnomah Channel) during Quarter 1 of the 2006/7 sampling event. Dieldrin was detected upriver at ST009 (RM 15.7E) during both Quarters 3 and 4 of the 2006/7 sampling event, but was only detected downstream at ST003 (Multnomah Channel) during Quarter 4. There was not enough data to determine any relationship for aldrin and dieldrin between river reaches.

5.3.10.13 Arsenic in Mobile Sediment

5.3.10.14 Arsenic Data Set

Arsenic was detected in all 62 samples analyzed at concentrations ranging from 1.48 J mg/kg to 7.01 mg/kg (Tables 5.3-2 through 7).  

5.3.10.15 Arsenic Spatial and Temporal Evaluation in Study Area


There was relatively little variation in concentrations among samples within the Study Area, with values ranging between 2.75 mg/kg and 7.01 mg/kg (Figures 5.3-18a-b). 

The highest arsenic concentration was found at Station ST011 (RM 3.5E) during Quarter 4 of the 2006/7 sampling event.  The highest levels were generally found during Quarter 4, particularly downstream of RM 9, although Quarter 2 showed equally high levels in the upper Study Area (RMs 9.7-11.5).

5.3.10.16 Arsenic Relationship by River Reach


Most concentrations of arsenic from Study Area stations were similar to or slightly above arsenic concentrations in upriver locations.  Arsenic levels in Study Area samples rarely varied from the arsenic levels at upstream stations by more than a factor of two. Downstream samples had similar concentrations to those in the Study Area, and were also generally greater than the upriver samples by a factor of two.

5.3.10.17 Chromium in Mobile Sediment

5.3.10.18 Chromium Data Set

Chromium was detected in all 62 samples analyzed at concentrations ranging from 16.8 J mg/kg to 59.5 mg/kg (Tables 5.3-2 through 7).  

5.3.10.19 Chromium Spatial and Temporal Evaluation in Study Area


There was relatively little variation in concentrations among samples within the Study Area, with values ranging between 16.8 mg/kg and 47.1 mg/kg (Figures 5.3-19a-b). 

The highest chromium concentration was found during Quarter 1 of the 2006/7 sampling event at Station ST013 (RM 6.7E).  The highest concentrations within stations also tended to occur during Quarter 1. The only other sample collected within the Study Area greater than 40 mg/kg was at ST006 (Swan Island Lagoon) during Quarter 3 of the 2006/7 sampling event. The majority of the 2009 data set had concentrations less than 30 mg/kg.  There were no locations with levels of chromium consistently higher than all others, and there was little variability between samples collected on either shore of the river.

5.3.10.20 Chromium Relationship by River Reach


Although the highest chromium concentration was found in ST009 (RM 15.7E) in the upriver reach during Quarter 3 of the 2006/7 sampling event, the majority of samples in this reach range between 30 and 40 mg/kg. Likewise, most chromium concentrations from Study Area stations were within the range of samples typically found in the upriver reach.  Downstream samples ranged from 16.8 J mg/kg to 40.4 mg/kg with the majority of values also typically within the 30-40 mg/kg range.

5.3.10.21 Copper in Mobile Sediment

5.3.10.22 Copper Data Set

Copper was detected in all 62 samples analyzed at concentrations ranging from 15.2 mg/kg to 93.6 mg/kg (Tables 5.3-2 through 7).  There was relatively little variation in concentrations among samples, with the majority of the values within a factor of 3.

5.3.10.23 Copper Spatial and Temporal Evaluation in Study Area


The highest copper concentration was found at Station ST006 (Swan Island Lagoon) during Quarter 3 of the 2006/7 sampling event (Figures 5.3-20a-b).  The highest concentrations among sampling periods per station often occurred during Quarter 4 of the 2006/7 sampling event, particularly at stations from RM 3.5 through 6.7.  The majority of samples collected in Quarter 4 were greater than 50 mg/kg, while the majority of samples collected in other Quarters were generally between 30 and 50 mg/kg. All samples collected during the 2009 sampling event were less than 42.7 mg/kg. Samples greater than 50 mg/kg are noted from the 2006/7 sampling event during Quarter 1 at ST013 (RM 6.7E), during Quarter 2 at ST004 (RM 6.0E) and ST013 (RM 6.7E), during Quarter 3 at ST006 (Swan Island Lagoon) and ST011 (RM 3.5E), and during Quarter 4 at ST004 (RM 6.0E), ST005 (RM 6.0W), ST006 (Swan Island Lagoon), ST007 (RM 11.3E), ST011 (RM 3.5E), ST012 (RM 4.5W), and ST013 (RM 6.7E).

5.3.10.24 Copper Relationship by River Reach


Although the second highest copper concentration was found in a sample from one of the upstream locations (ST009) during Quarter 3 of the 2006/7 sampling event, the majority of samples in this reach are less than 43 mg/kg. Most copper concentrations from Study Area stations were slightly above upriver copper concentrations collected during the same time period, except during Quarter 3, as mentioned above.  Copper levels in Study Area samples rarely varied from the copper levels at upstream stations by more than a factor of two. Downstream samples ranged from 25.1 mg/kg to 52.4 mg/kg, which is similar to the majority of samples measured in the Study Area.

5.3.10.25 Zinc in Mobile Sediment

5.3.10.26 Zinc Data Set

Zinc was detected in all 62 samples analyzed at concentrations ranging from 71.5 mg/kg to 319 mg/kg (Tables 5.3-2 through 7).  There was relatively little variation in concentrations among samples, with concentrations being within a factor of 3.


5.3.10.27 Zinc Spatial and Temporal Evaluation in Study Area


The highest zinc concentration was found during Quarter 3 of the 2006/7 sampling event at Station ST006 (Swan Island Lagoon).  ST006 was the only station that appeared to contain comparatively high localized concentrations, although only data from two quarters were available from this location.  Among sampling periods (Figures 5.3-20a-b), the highest zinc concentrations per station most often occurred during Quarter 4 of the 2006/7 sampling event.  Quarter 4 of the 2009 sampling event generally had the lowest zinc levels among sampling periods.  The majority of samples collected were less than 140 mg/kg.  Samples greater than 140 mg/kg are noted from the 2006/7 sampling event during Quarter 2 at ST015 (RM 9.7W), during Quarter 3 at ST006 (Swan Island Lagoon) and ST011 (RM 3.5E), and during Quarter 4 at ST004 (RM 6.0E), ST005 (RM 6.0W), ST006 (Swan Island Lagoon), ST007 (RM 11.3E), ST011 (RM 3.5E), ST012 (RM 4.5W), ST013 (RM 6.7E), ST015 (RM 9.7W) and ST016 (RM 9.9E).

5.3.10.28 Zinc Relationship by River Reach


Most concentrations of zinc from Study Area stations were slightly above zinc concentrations in upriver locations, except during Quarter 3 of the 2006/7 sampling event.  Zinc levels in Study Area samples rarely varied from the zinc levels at upstream stations by more than a factor of two during the same sampling period. Downstream samples ranged from 101 mg/kg to 160 mg/kg, with higher concentrations in downstream stations ST001 and ST002 during Quarter 4 of the 2006/7 sampling event. Samples collected downstream during Quarters 1, 2 and 3 and those collected in Multnomah channel are similar to the majority of samples measured in the Study Area, but slightly higher than upriver samples.

5.3.10.29 Tributyltin Ion in Mobile Sediment

5.3.10.30 TBT Data Set

TBT analysis was conducted for 60 sediment trap samples (Tables 5.3-2 through 7).   TBT was detected in 46 of the samples analyzed with detectable concentrations of TBT ranging from 0.48 J μg/kg to 81 μg/kg.

5.3.10.31 TBT Spatial and Temporal Evaluation in Study Area


TBT concentrations at ST006 (Swan Island Lagoon) during Quarters 3 and 4 of the 2006/7 sampling event, the only two quarters that data were available for that station, and at ST001 during Quarter 3 of the 2009 data set were elevated an order of magnitude above other locations (Figures 5.3-21a-b).  Concentrations within locations were generally highest during Quarter 4, and concentrations during all sampling periods were generally highest downstream of Swan Island Lagoon.  The majority of samples collected were less than 5 mg/kg.  Samples greater than 5 mg/kg are noted from the 2006/7 sampling event during Quarter 3 at ST004 (RM 6.0E), ST006 (Swan Island Lagoon), and ST014 (RM 7.5W, and during Quarter 4 at ST005 (RM 6.0W), ST006 (Swan Island Lagoon), ST007 (RM 11.3E), ST011 (RM 3.5E), and ST014 (RM 7.5W). The only sample greater than 5 mg/kg during the 2009 sampling event was during Quarter 3 at ST001 (RM 11.1).

5.3.10.32 TBT Relationship by River Reach


There was only one sample out of six in the upriver reach that was detected; the detected concentration was 1.9 mg/kg.  All non-detect values in the upriver reach were below this value. 

In general, TBT levels in the Study Area were higher than TBT level detected in the upriver reach.  However, since only one of six samples from the upriver stations had a detectable TBT concentration, the degree of elevation upstream cannot be meaningfully quantified. Concentrations of TBT in the downstream reach were generally less than 4.3 mg/kg, with only one sample greater than 5 mg/kg noted during Quarter 3 at ST002 (RM 1.8W). Downstream TBT samples are notably less than the Study Area, but greater than the upriver reach.













� A regression analysis was not selected because homolog concentrations and total PCB concentrations are not independent variables, i.e., both are calculated from the same congener data set.



� Station ST007 is located between two facilities with active, deep draft docks (i.e., between RM 11.3E and 11.4E).







�This can be moved to Appendix D with all associated language removed from this section.



�This paragraph was from 5.2.4.



�Make sure map reference is correct.



�Put in correct reference to Map H2.3-1f-g that was moved to Appendix A.



�Make sure reference is correct.



�This is discussed in Section 5.1.



�This information has been incorporated with the introduction to this section.



�This can be moved to Appendix D with all associated language removed from this section.



�This is discussed in Section 2.



�This information is already stated in Appendix D (as referenced above) and provides no useful information for this discussion.



�Move the remaining information to Appendix D.



�Data report?
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